The platyfish (Xiphophorus maculates) is one of the best studied lower vertebrates, however cytogenetic data on this species is rather limited. This paper presents advances in platyfish cytogenetics, performed by classical techniques enabling the identification of heterochromatin as well as early and late replicating chromosomal regions. Analysis of chromatin resistant to restriction enzymes (Alu I, Dde I and Hinf I) showed pericentromeric, telomeric and interstitial blocks of heterochromatin. DAPI fluorochrome staining revealed that some of the pericentromeric bands are discrete AT rich clusters of chromatin. Analysis of platyfish DNA replication on the chromosomal level showed heterogeneity of fish heterochromatin regarding its replication time; moreover, the replication banding pattern distinguished pairs of homologous chromosomes.
The platyfish (Xiphophorus maculates) has aroused interest for many years. At first, this aquarium species was studied because of its genetic sex determination process. The platyfish has a three chromosomal sex determination system (X, Y, W) and sex linked pigment loci (ORZACK et al. 1980; KALLMAN 1984) . Individuals possessing XY or YY sex chromosomes develop into males and XX, XW and WY are females. Now, the platyfish and its hybrids with other Xiphophorus fishes are considered as fish models for investigating the etiology and genetics of melanoma formation and other diseases (SCHARTL 1995; MORIZOT et al. 2001; MOREDOCK et al. 2003; MEIERJOHANN et al. 2004) . Several DNA sequences closely linked to genes involved in the sex determination process as well as genes involved in the process of oncogenesis have been identified (NANDA et al. 1996 (NANDA et al. , 2000 GUTBROD & SCHART 1999) . Unfortunately, success in this field does not correspond to cytogenetic studies, which seem to be the weakest point of platyfish physical gene mapping.
The karyotype of the platyfish consists of 24 pairs of small acrocentric and subtelocentric chromosomes. Chromosome number and morphology were analyzed by simple banding techniques (NANDA et al. 1992; OCALEWICZ 2004) which could not establish pairs of homologues. Differences in genome compartmentalization between warm-blooded and cold-blooded vertebrates (contrary to homotherms, genomes of poikilothermic vertebrates are not divided into GC-rich and GCpoor compartments), cause a lack of structural banding patterns such as G banding in fish chromosomes (MEDRANO et al. 1988) . Despite the difficulties in establishing distinct bands, several approaches have been proposed for studying fish chromosomes. Identification of heterochromatic regions or the induction of replication bands during the course of incorporation of a thymidine analogue, BrdU, into chromosomal DNA allow for more in-depth analyses of fish chromosomes (OCALEWICZ et al. 2003; SALVADORI et al. 2003; JANKUN et al. 2004) . In the present work, the distribution of differentially stained heterochromatin as well as early and late replicating chromosomal regions in the platyfish genome have been investigated. A combination of these approaches pointed out the heterogeneity of platyfish heterochromatin. Additionally, pairs of platyfish homologous chromosomes were identified based on the replication banding pattern.
Material and Methods
Chromosome slides from 14 platyfish were obtained according to the method described by DAGA et al. 1996 .
Digestion with restriction endonucleases Alu I, Dde I and Hinf I was performed according to the procedure described by OCALEWICZ (2002) . Enzymes suspended in deionized water and appropriate buffers were added to metaphase slides and covered with coverslips. The enzyme concentration for Alu I was 0.1 U/Fl and incubation lasted for 30 min, for Dde I it was 0.3 U/Fl and lasted 45 min, and for Hinf I 0.5 U/Fl and 60 min. After incubation in a moist chamber at 37 o C the slides were washed with distilled water and stained in 20% Giemsa solution for 15 min.
For visualization of AT rich chromosome regions, the slides were mounted in antifade solution containing DAPI (4',6-diamidino-2-phenylindole) (5 Fg /ml).
Replication banding was carried out following ALMEIDA-TOLEDO (1992) with some modifications: the period of BrdU incubation ranged from 4 to 6 hours. The amount of BrdU administered was 0.01 ml per fish. The FPG method (Fluorochrome plus Giemsa) was used for chromosome staining (ALMEIDA-TOLEDO 1992).
Results and Discussion
The platyfish has a diploid chromosome number of 2n= 48. Chromosomes are acro-subtelocentric and very similar to each other. Only the smallest chromosome pair could be identified (Fig. 1) . Three different restriction enzymes: Alu I, DdeI and Hinf III recognising and cutting different DNA sequences (AG9CT, C9TNAG, and G9ANTC, respectively), were used to identify chromatin resistant to enzyme digestion in the platyfish karyotype (Fig. 2) . Although positive bands on chromosomes showing chromatin clusters poor in digestion sites were subtle and sometimes difficult to observe on the small platyfish chromosomes, this approach revealed the distribution of different components of the platyfish genome. AluI and DdeI did not cut pericentromeric and telomeric regions in most of the chromosomes. Additionally, interstitially located chromatin clusters resistant to enzyme digestion were observed on at least six and two chromosomes after Alu I and DdeI enzyme restriction, respectively (Fig. 2a, b) . On the contrary, Hinf I enzyme digestion generated more interstitial darkly stained bands; large undigested blocks of chromatin were identified on at least 12 chromosomes, whereas pericentromeric and telomeric regions were stained rather pale (Fig. 2c) . Different banding patterns after different restriction enzyme digestion showed heterogeneity of fish heterochromatin as revealed in chromosomes of salmonid fish species (HARTLEY et al. 1991; LOZANO et al. 1991; JANKUN et al. 2004 ). This conclusion is in agreement with results obtained with the DAPI banding procedure; only a few chromosomes showed discrete centromeric bands demonstrating that these regions belong to ATrich DNA clusters (Fig. 2d) . Weak DAPI fluorescent signals confirmed that chromosomes of Poecilidae have very small and rare AT-rich regions (SOLA et al. 1992) . BrdU incorporation into chromosomes during late S phase (4-6 hours of treatment) identified of early (dark) and late (pale) replication bands. The distribution of these bands is characteristic for both homologous chromosomes because of the identical organization of replicon clusters (HOLMQUIST et al. 1982) . Late replication regions of platyfish chromosomes are confined to the centromeric or pericentromeric regions of chromosomes from the 1, 2, 3, 4, 8, 9, 10, 14, 16, 18, 19, 20, 21, 22 , and 24 pairs (Fig. 3) . In Fig. 1 . Karyotype of the platyfish (Xiphophorus maculates) (2n= 48), stained conventionally by Giemsa. pufferfish (Tetraodon nigroviridis), centromeres of all chromosomes show a late replicating pattern (GRÜTZNER et al. 1999) , however, in spined loach (Cobitis taenia) centromeric regions exhibit an early replicating nature (BORON 2003) . Different replication time of centromeric heterochromatin between particular chromosomes has been observed in salmonids (JANKUN et al. 1998 ) and cyprinids (DAGA et al. 1996) .
Most of the telomeric or subtelomeric regions in platyfish chromosomes are late replicating what is in agreement with previous observations (MCCAR- OLL & FANGMAN 1988) . However, in the case of some chromosomes, reduced p arms are darkly stained after FPG staining showing their early replicating character. As GC-rich chromatin is thought to replicate early during S phase and AT-rich chromatin clusters are rather late replicating, some of the platyfish subtelomeric regions can be considered as constituting GC-rich clusters other than NORs, which in fish are heterochromatic and seem to replicate at the end of the S phase (AMORES et al. 1995; JANKUN et al. 1998; BORON 2003) . The lack of either the early or late replicating pattern in pericentromeric and telomeric heterochromatin is further proof of the heterogeneity of this component in the platyfish genome.
Early replicating clusters apart from the pericentromeric and telomeric regions of several chromosomes appeared in interstitial positions of most of the chromosomes. This pattern in addition to the length of chromosomes enabled the identification of homologous chromosomes and their arrangement into a karyotype (Fig. 3) . A similar approach has been proposed for karyotyping other fish in- cluding zebrafish (Danio rerio) (DAGA et al. 1996) , pufferfish (GRÜTZNER et al. 1999) , eels (SALVADORI et al. 2003) and salmonid fish species (ABUIN et al. 1994; JANKUN et al. 2004) , among others. Constructing standard karyotypes is indispensable if physical gene mapping programmes are proposed. Replication banding can be used simultaneously with fluorescence in situ hybridization (FISH). Incorporation of BrdU and hybridization with molecular probes indicates the location of a given DNA sequence on a particular chromosome or chromosomes (FUJIWARA et al. 2001) . A similar approach can be proposed in platyfish where simple repetitive DNA sequences will be mapped. Merging the replication banding technique and FISH with 45S or 5S rDNA probes should show the distinct chromosomal location of major and minor ribosomal genes. In summary, combining restriction enzyme digestion and replication banding techniques showed differences between the replication time of pericentromeric as well as telomeric heterochromatin among platyfish chromosomes. Moreover, analysis of platyfish DNA replication time on a chromosomal level was very efficient in finding pairs of homologous chromosomes. This has crucial importance in the process of physical gene mapping in platyfish and analysis of chromosome rearrangements in platyfish melanoma cells.
